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DNA strand breaks that result in stalled or damaged replication forks can be detrimental to the 
DNA replication process. In this issue, Doksani et al. (2009) examine the impact of a single double-
stranded DNA break on replication in the budding yeast, Saccharomyces cerevisiae.DNA double-strand breaks are frequent 
byproducts of the DNA replication pro-
cess, yet overt activation of the DNA 
damage checkpoint is generally not 
associated with progression of cells 
through S phase. The prevailing concept 
of checkpoint regulation posits that acti-
vation of the checkpoint kinase Mec1/
ATR—and the result of this activation 
such as suppression of replication origin 
firings—is promoted by single-stranded 
DNA. The apparent lack of interest on the 
part of the checkpoint pathway in DNA 
replication-associated double-strand 
breaks raises interesting questions. One 
strand of the double-strand break must 
be resected to create single-stranded 
DNA. Are the double-strand breaks that 
arise in S phase simply not resected? 
What is the fate of a replication fork that 
encounters a double-strand break?
These questions are examined by 
Doksani et al. (2009) in this issue of Cell. 
They use the HO (homothalic switch-
ing) endonuclease of budding yeast in 
which a double-strand break is induced 
at a single DNA site. In this version of 
the HO endonuclease system, the HO 
site is adjacent to ARS305, an efficient 
and early origin of replication (Newlon et al., 1993). Transient activation of the HO 
endonuclease concomitant with entry of 
yeast cells into S phase did not markedly 
alter the kinetics of progression through 
S phase. Mec1-dependent phospho-
rylation of Rad53 (a checkpoint kinase 
required for cell cycle arrest in response 
to DNA damage) was not observed until 
80 min later, well after cells had com-
pleted S phase. This was not due to a 
lack of resection, as the authors showed 
that the rates of double-strand break 
resection in S phase cells did not appear 
to differ substantially from that in G2 
phase cells. The failure to see Rad53 
activation until 80 min after break induc-
tion fits nicely with previous observa-
tions: roughly 10 kb of single-stranded 
DNA is required to elicit the checkpoint 
response (Vaze et al., 2002), and the 
rate of resection of an HO endonuclease 
break is roughly 4 kb/hr (Fishman-Lobell 
et al., 1992). In other words, it should 
take about 80 min to get enough single-
stranded DNA to activate Rad53 (?4 kb 
of resection in each direction results in 
?10 kb of single-stranded DNA).
Does this mean that a lone double-
strand break has no effect? Not exactly, 
but the effect is entirely unexpected. The Cell specific double-strand break investi-
gated by Doksani et al. did not exert a 
global effect on the yeast population in 
S phase. But Doksani and colleagues 
also looked locally, using two-dimen-
sional gels to examine not only origin 
firing but also progression of the DNA 
replication fork close to the break site. 
The replisome (the complex of proteins 
at the origin that carries out DNA repli-
cation) does not appear to pause as it 
closes in on the break site, nor does it 
appear to restart on the other side of the 
break site. Presumably, this means that 
the replisome disengages from the DNA 
once the fork reaches the break (Figure 
1). Of course, each time an origin fires, it 
produces two sister forks that proceed 
away from each other in opposite direc-
tions. The possible existence of “replica-
tion factories” in which the replisomes 
of the diverging sister forks proceed in 
a coupled manner (Kitamura et al., 2006) 
suggests that disengagement of one sis-
ter replisome at the break would exert an 
effect on the other. However, as Doksani 
et al. showed, this does not appear to be 
the case, as progression of the 305L fork 
replisome continued unabated long after 
its sister fork, 305R, had disengaged 137, April 17, 2009 ©2009 Elsevier Inc. 211
figure 1. sister forks and DnA Double-strand Breaks
The behavior of sister forks emanating from the replication origin ARS305 (yellow circle) in budding yeast has been analyzed (Doksani et al., 2009). The sister 
forks, 305R (which encounters the DNA double-strand break) and 305L, do not appear to be coupled, because when the 305R fork replisome disengages 
from the DNA break site there is no effect on the progress of the 305L fork. Induction of a specific DNA double-strand break by the HO endonuclease of bud-
ding yeast locally enhances firing of the origin of replication (pale green arrow). Formation of a DNA cruciform structure at the break site is suppressed by the 
Mre11 complex, and by the proteins Tel1 and Sae2. (306L is the left sister fork of the ARS306 origin, which is to the right of the break site induced by the HO 
endonuclease.)from the DNA (Figure 1). This is reminis-
cent of recent data from the bacterium 
Escherichia coli indicating that the two 
sister forks do not proceed in a coupled 
manner in that organism (Reyes-Lam-
othe et al., 2008).
Surprisingly, the gels in the Doksani 
et al. study appeared to show that firing 
of the ARS305 replication origin in bud-
ding yeast was actually enhanced by 
induction of the HO endonuclease break 
site. This interpretation was bolstered 
by examination of two dormant origins 
proximal to the native HO endonuclease 
break site, ARS313 and ARS314. Here, 
the authors found that induction of the 
double-strand break awakened the dor-
mant origins, and they both fired. This 
effect was local, as the overall rate of 
S phase was unchanged, suggesting 
that most dormant origins remain so 
after break induction. The signal that 
produced the effect of origin activation 
remains an open question, and at pres-
ent no yeast mutants that abolish it are 
available. Given the local nature of the 
effect, it is most appealing to think of it 
as a cis-acting mechanism. Accordingly, 
the authors propose that changes in DNA 212 Cell 137, April 17, 2009 ©2009 Elsevier supercoiling induced by the break and 
alterations in chromatin may be among 
the mediators of this effect. Conditions 
that produce more extensive breakage 
and resection activate the DNA damage 
checkpoint and suppress origin firing 
(Santocanale and Diffley, 1998), pre-
sumably overriding the new mechanism 
identified here.
Finally, the authors found that in the 
absence of the Sae2 and Tel1 proteins 
situated at the break and of the Mre11 
complex, DNA cruciform structures 
formed at the double-strand break site. 
Presumably, these structures (identi-
fied on two-dimensional gels) represent 
so-called “chicken foot” structures aris-
ing from the action of helicases such as 
Sgs1 that induce regression of the dou-
ble-strand break. Implicitly, this suggests 
that the combination of the replication 
fork and the double-strand break leads 
to transitions similar to those proposed 
to occur at replication forks stalled by 
hydroxyurea. An important difference 
here is that checkpoint defects do not 
appear to underlie the formation of these 
structures. The authors suggest a model 
wherein Tel1 and the Mre11 complex pro-Inc.mote endonucleolytic cleavage of one 
arm of the fork. This would prevent both 
the regression of the fork at the break 
and subsequent cleavage of the result-
ing cruciform structure. Collectively, the 
data presented by Doksani et al. sug-
gest that levels of DNA damage that fall 
beneath the threshold of global check-
point activation influence the process of 
DNA replication in unexpected ways.
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